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Descnption 

Fl^d of the invention 

TTils invention relatBS to a metfiod of covalently 
DlntJtng organic llgands to polymeric carriers. In 
one of Its more particular aspects the Invention 
relates to a new method of covafentJy binding 
organic llgands containing one or moiB primary 
or secondary amino or sulfhydryl groups to 
polymeric gets. 
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Ba^ground and summary of the Invention 

The need for purifying various biologically 
active materials In a facile manner has long been 
appr^atsd. Eariy methods of enzyme purffica- ts 
wn, for example, were cumbersome and time 
consuming. Recontfy it has been found tiiat enzy- 
mes and othar blologicaliy active materials can be 
purified by a process which Involves immobiltze- 
fton of ttie enzyme or otfier biologically active 20 
material which will be referred to herein as a 
ngand, followed by separation of tfie immobmred 
rgandfrom the mbcture In which It Is present. The 
ngand can then be used In its immobilized form, if 
r^,'!^'^"^^ ^" ^ released from the carrier on 2S 
Which it IS immobilized by suitable chemical 
ijeatment and used in Its non-Immobilized form. 
The discovery of metiiods for covalentiy bonding 
ligands to polymeric carriers has advanced the 
pracace of enzymoJogy, Immunology, and 30 
various other biological techniques. 
vsi^- °f metiiods for immobflfzing 

biological ligands Invoh^ed treatment of a 
^Z!^ containing hydroxyl groups witii an 
nw^nJ? " cyanogen bromide, 35 

CNBn The acbvated polymer could tiisn be used 
to directly bind various biological llgands to the 
polyrner by means of covalent bonds. Porath et al. 
describe several chemical activation metiiods 
mcluding tile CNBr metfiod In Poratii, et al., 49 

(mmobili^ Enzymes. Metiiods In Enzymology, 
K. Mosbach, Ed Vol. 44, p. 1^-45, AcadeX 
Pr^ New Yoric (1976). Most of tiie eariy 
methods for activating polymers containing 
hydroxyl groups were subject to certain dis- 4s 
advantages which made their widespread use 
Impractical. In particular CNBr activation pro- 
j^Jures differ from tiie followina disadvantages: 
n> the linkages formed between CNBr^ctivated 
hydroxyl containing polymers and tiie amino so 
groups of ligancte which are reacted wftti the 
artrvated polymers ana labile; (2) tiie reaction 
bohwen the activated polymer and llgand fre- 
quentiy results in the Introduction of charged 
spedes whk^ interfere witii utilization of the » 
reaction product In affinity absorption; (3) CNBr Is 
a n^ciot^ lachrimatory and poisonous chemical 
whWi requires special care In Its handling. 

Efforts to find anotiier metiiod otiier than tiie 
CNBr metfiod for coupling llgands to hydroxyl eo 
containing polymers resulted In tiie use of a 
^Hl^J^^'^^ reagents Including triazine 
Wchloride, N-hydroxy sucdnimlde l,r-cariiK>nyl- 
dnmidazol and epoxy compounito. The use of 
epoxy compounds is described in Axen at al. Acta es 



Chem. Seand^ B29: 471-^74 <1876). Epich- 
lorohydnn or 1^l8(2,3-epoxypropoxy) butane 
reacts with a hydroxyl group of an agarose gel to 
form an epoxide gel. The epoxide gel Is then 
reacted with sodium thiosulfate to gh^ a thiosul- 
fate ester gel, which Is then reduced by dithio- 
tfirehol to give a modified agarose gel containing 
a tiiiol group. This so-oatled thiol gel Is then 
converted to a 2.pyridyl disuftide gel by means of 
2,2 -dtpyndyl disulfide. A solution of urease Is 
then passed through a column of the disulfide gel 
to obtain an enzyn>e conjugate of high protein 
content and high catalytic activity. One dis- 
advantage of this procedure Is that the epoxy 
substituted polymer Is not stable enough to store. 
More rm^ntiy the use of various organic sul- 
fonates has found wide use In preparing 
immobilized affinity ligands. For aj^mple. Nils- 
son et al., 5un J. Blochem., 1 12: 397—402 (1980) 
describes the coupling of a number of biomolecu- 
IM to agarose gels by means of p-toluenesulfonyl 
chlonde. The blomolecuies used includes nucleic 
acids and enzymes* 

The use of other organic suifonyl halldes and 
the use of other hydroxyl group carrying supports 
are described In Nllsson et al., Blochem, Biophys. 
Fes. Comm.. 102: 449-^57 <1981). The most 
active suIfonyC halide appears to be 2A2-trif- 
luoroethanesulfonyl chloride (tresyl chloride). 
Other hydroxyl group carrying supports men- 
tioned In this reference are cellulose, diol-«IIIca, 
glycophase-glass, and hydroxyethyl metiiacry- 
Iste. 

U.S. Patent No. 4,415,665 to Mosbach et al. 
teaches a method of covalentiy binding a biofogi- 
caily active substance containing amino, thiol or 
aromatic hydroxyl groups directly to a polymeric 
substance containing at least one hydroxyl group 
by forming a reactive sulfonate derivative of the 
polymeric substance and then reacting the thus 
activated polymeric substence directly with the 
biologically active organic substance. Although 
the use of suifonyl halfdes has proven to be 
advantogeoue in many ways, tiie cost of the more 
active organic suifonyl halides tends to be pro- 
hibitive and tresyi chloride, being a liquid. Is less 
convenient to handle. 

The purification of enzymes using consecutive 
thiol-disulfide interchange reactions is described 
In Carisson et al., -4cte Cham. Scand., B30- 
180—182 n976) in a communication In which 
urease is covalentiy bonded to agarose-2-pyridyl 
disulfide. Although this procedure is effectwe in 
carrying out the covalent chromatographic purffl- 
ration of urease, the preparation of the agarose-2- 
pyridyl disulfide Invoh^es a combination of steps 
utilizing an unsteble epoxide derivative. 

Muicalyama et al. discloses the use of 1-methyl- 
2-8lkoxypyridinIum salts as reagents for prepar- 
ing various 2-pyridyl sulfides. Muicalyama et aU 
Chem. Lett, 11^—1182 (1976). 

Hojo et al, successfolly demonstrated the con- 
versfon of various alcohols to th corresponding 
thiolalcohol by reacting tiie alcohol with 1- 
methvI-2-fluoropyridInIum salts and sodium N,N- 
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cfimethyldrthlocarfaamatB foUcwed by reductfvB 
^^B^ alcohols axemplrffed by thase 
BUttiors, rnduding carbohydrates and steroids, 
were lofw molecular wafght monomenc alcohols. 
Hojo ^ al. Chom, Lett., 437-^440 (1977). 

A convenfent method has now been found for 
pneparirtg covaient chromatographic matrices 
utilizing a hydroxy) containing polymer which has 
bewi activated by reaction with 2-fluoro-1-methy- 
Ipyridlnlum toluene-4-8utfon8te (FMP). The acd- 
^ted hydroxy! containing polymer can be used in 
Tormrng covaient bonds with various ligands con- 
taining amino and sulftiydfyl groups. However, 
the covafently bound ligands are difficult to 
remove from the polymeric matrix. Therefore, it 
was found desirable to bind the ligand to the 
polymer in a manner such thattha ligand could be 
readily removed when desired. The procedure 
Involves conversion of the activated polymer to a 
thiol gel, that is, a sulfhydryl group containing 
poiynrw. The thiol gel can then be reacted with 
2,2'-dipyridyi dtsu Ifide to form a 2-^yridyl disulfide 
derivative of the polymer. Thiol-dlsuJfide inter- 
change with the aulfhydry] group containing 
ligand causes the Ifgand to be linked to the 
pohmer by means of a disulfide linlcBg& Removal 
of the ligand when desired can be readily accom- 
plished by reduction of tfie disulfide linkage with a 
thiol such as drthiothreitol. 

Two different routes to the thiol gel are avail- 
able. In one, sodium dimethyl dithlocariiamato is 
used to convert the activated polymer to the 
corresponding dimethyl dhhlocarbamyl deriva- 
tive, which, by means of reductive cleavage is 
convertod to the desired sulfhydryl substituted 
polymer, hereinafter referred to as the DS-gel. 

Ai^erroute to a thiol gel involves treatment of 
^e FMP activated polymer with dhhiothreitol to 
form a dJthiothreityl gel, a thiol gel, hereinafter 
referred to as the DTT-gel, in which the free 
suffliydryl group Is 4 carbon atoms removed from 
a thioether linkage to the polymer. 

Depending upon the particular application for 
which the covaient chromatographic matrix is 
intended, either the DS-gel or the DTT-gel may be 
ideally suited for the partioilar chromatographic 
procedure which Is to be carried out For example, 
toe DTT-gel may be particulariy adapted for use In 
toose fnstsnces where Ae ligand contains bulky 
groups virfiic^ might prevent It from approaching 
close enough to tiie polymer to atiadc the disulfide 
linkage, were it not forthe space provided between 
toe pc^ymer surface and the disulfide linkage by 
the intervening 4 rarbon atom chain. 

Brief description of the drav^ngs 

Rgure 1 1saschematfcfiow^eet Illustrating the 
procCTs for preparation of en ac^vated polymer 
according to toe present Invention. 

Rgurs 2 is an elution curve illustrating the 
affinity purfficatfon of rabbit antiserum to 2,4- 
^nitrophenyt bovine serum albumin using 2, 4- 
DNP-iysine conjugated Sepharose CL^B as the 
affinfty matrbc 

Bgure 3 fs an elution ojrve Illustrating tha 
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affinity purffk»tion of rabbit antl-tc^ram^n 
serum using tobrannycin conjugated Sephairoe 
CL-4B as the affinity matrix. 
Rgure4is a schematlcflow sheet Illustrating the 

s various routes to the preperation of a thiol gel. 

Figure 5 is an elution curve showir>g the absorb- 
ance of various fractions of eluate during the 
purification of Jack-bean unrease by covaient 
chromatography. 

10 Rgure 6 fs a reaction curve showing the course 
of the Immobilization of ^ Coli bete-galactosidase 
on 2,2'-dithk)dipyridyl activatod thiol (DDT) gal 
and the reversal thereof upon the addition of 
dithiolthreitol. 

IB 

Detailed description 

The polymeric carrier can be a water Insoluble or 
water soluble pohrmeric substance and the choice 
of the carrier is not critical for carrying out the 
20 process of the present invention. In principal, any 
type of canlercan be used which has a polymeric 
natore and contains at least one hydroxyl group 
bonded to e carbon atom which Is available for 
activation and coupling. The carrier is chosen with 
25 regard to the requirements In the Indh^dual situa- 
tion, primarily with regard to the type of ligand to 
be coupled and the intended use of the coupling 
product. The carrier may be comprised of natoral, 
semi-synthetic or synthetic materials containing 
so hydroxy! groups. Examples of Important carrier 
nnaterials are polysaccharides and polysaccharide 
containing materials, for example, cellulose agar^ 
ose, dextran btkI cross-Hnked products thereoip. 
Exampfea of synthetic carriers are polyethylene 
ss glyoci, polyvinyl alcohol, poiyhydroxywtiiyl 
metiiyl acrylato and the like. It Is, of course, also 
possible to use carriers which nomnally do not 
contain hydroxy! groups but which, by suitable 
treatment can be provided wito such groups. An 
40 example Is silica particles, to the surface of which 
have been bonded groups containing at least of>e 
hydroxyl group bonded to a carbon atom. 

The activation of hydroxyl containing polymeric 
carriers can be carried out in the presence of a 
4B slight excess of a tertiary amine such as triethy- 
lamlne or tributylamine in dry polar organic 
sohfents such as acetonitrile, acetone or tetrahyd- 
roforan. FMP reacts rapidly, usually in about 1—15 
minutes at ambient conditions of temperstura and 
so pras^re, for example, at about 22— 35*t:, with 
hydroxyl groups of various polymeric materials to 
form 2-alkoxy-l-methyIpyridlnIum salts, which 
react readihr wito amino or sulfhydryl groups of 
various nudeophlles suitable for use as affinity 
» ligands. Otoer 2-halo-1-niethyipyridlnlum salts 
such as 2-chloro-1-methylpyridlnIum salts can be 
used, but the 2^uoro-1-metoyIpyridInIum salt Is 
preferred because of Its greater reactivity. 
Unreacted activating agent such es FMP can be 
eo easily washed from the polymeric carrier with a 
dilute add such as dilute HO, f r example, with 2 
mM Ha, to purify and stabilize tha activated 
poh^er without causing hydrolysis of toe acti- 
vated hydroxyl groups. 
GS The FMP-activated polymeric carrier was found 



3 



EP 0184 361 B1 



6 



tobe stable for at Idast 4 months when storad at 
4rQ In 2 mM Ha. The activated pofymerlc earner 
can also be stored in diluto mfnerar adds such es 
2 mM (rfiosphoric add or In dry form. If desired. 
Activation densfties of 4--7 micromolas per ml of 
gei are routinely obtained. 

The coupling m^od of the present Invention Is 
generally applicable to organic ligands containing 
the Indicated amino or suffhydryi groups. For 
example, primary amino, secondary amino or 
sulftydryl groups may be utfli^ for the desired 
coupling to the activated polymeric hydroxy! con- 
taining polymer. Liicewise, salts of sutfhydryl 
group containing compounds such as Na salts 
thereof are useful ^r this purpose. In general, the 
product selectsd for coupling should be a good 
nudeophlle, so that the coupling reaction can be 
carried out smoothly. Any group capable of dis- 
pladng the 1-methyl-2-pyridoxy group from the 
polymeric cam'er is satisfactory for use as a 
iigarKi. Thus, the Ifgand may corrtaln any alipha- 
tic, aromatic heterocycllCr or heteroaromatic radi- 
cal or any radical which is a combination of the 
foregoing, so long as the resulting ligand will 
have functional groups available for coupling. Of 
spedal Interest are biologically active ligands, for 
example, proteins, such as enzymes; antibodies 
and antigens; amino adds; thiol compounds; 
cofactors; nudeotides; polynudeotides; haptens 
and many otfier types of biologically active 
ligands, sspedally those having biospecific affin- 
ity to another substance which can be used, for 
example, for affinity chromatographic purposes. 

The reac^on scheme Is Illustrated In Rgure 1 of 
the drawings wherein the symbol 

— CH^-OH 

represents a polymeric canier having at least one 
— CHr— OH group, TsO" represents the toluene-4- 
sulfonate ion, TEA represents triethylemine, 
L— NH2 represents an amino group containing 
ligand and L— SH represents a suKhydry! group 
containing ligand. 

Coupling i^n be carried out under var^*ng 
conditions of temperature and pH and can be 
performed In aqueous reaction media as well as 
in polar organic sohrents. Reaction conditions are 
not crttlcal for either the activation step or the 
coupling step and are primarily chosen with 
regard to the sensftivity of the reactent and to 
practical considerations of convenience. Mild 
reaction conditions are preferred. It Is, for 
example, often suitable to woric at ambient 
temperatures and pressures ar«i. In the case of an 
aqueous reaction medium, the pH Is usually dose 
to neutral, for example, pH 8-^. The degree of 
coupling to the hydroxyl groups of the canier can 
be varied as needed by stoichlonmetrfc adjust- 
ment to utilize essentially all available hydrox/l 
groups of whatever part thereof is desired. Coup- 
ling effidendte of 70-^% are realized routinely. 

Unreacted activated groups remaining after 
coupling, which might impede further utilization 
of the coupled polynier, can be removed by 



suspending the coupled polymer in 0,2M Tris-HCI, 
pH 9, at room temperature, for 2 hours. Other 
nudeophlles such as ethanolamine or mercap- 
toethanol can also be used for this purpose. 
8 The preferred coupling process of the present 
Invention Invoh^ing the use of a tiiiol gel wfil be 
described In detaH with reference to Hgure 4 
wherein there are shown the various steps 
fnvoh/ed in the overall reaction scheme. 
fo The first step In the process shown is the 
reaction of hydroxyl containing polymer having at 
least one reactive hydroxyl grtnip (Formula 1) 
with 2-fluoro-lHmethylpyridinIum totyene^4-sulf6- 
nate (Formula 2), which has been described 
rs above. The resulting 2-alkDxy-1-methylpy- 
ridlnlum salt (Formula 3> vWII be referred to at 
times as the activated polymer or activated gel. 
The activated polymer is readily attadcsd by 
nudeophiies, since the l-methyl-2-pyridoxy 
20 group Is a good leaving group being readily 
converted to 1-m^hyt-2-pyridone (Formula 4) 
upon nudeophllic substitution by a ligand. 

One sequence of reactions leading to the pro- 
duction of a tfiiol gel, wherein the sutfhydryl 
2ff group Is dlrectiy bonded to a cart>on atom of the 
polymer, utilizes sodium dimethyl dfthlocarba- 
mate (Formula 6) to react by nudeophllic sub- 
stitution upon the activated polymer to produce a 
dimethyl dithiocart>amayl derivative of the 
30 polymer (Formula 6). Reaction of the activated gel 
with sodium dimethyl dithlocarbamate occurs 
readily In an organic solvent such as N,N- 
dimethyl fbrmamlde (DMF). Other solvents which 
may be used Indude acetonitrile, acetone and 
S6 tetrahydrofuran. The reaction b readily con- 
ducted under ambient conditions of temperature 
and pressure in a period of about 12 to 20 hours. 

Reduction of the dimethyl dithlocarbamyl 
denvative of the gel results in a thiol gel having a 
40 sutfhydryl group directly bonded to a cart»on 
atom of the gel (Formula 7). Reduction can be 
readily accomplished using any standard reduc- 
ing agent audi as sodium borohydride, lithium 
aluminum hydride or sodium dithlonite. The reac- 
ts tion takes place readily under ambient conditions 
of temperature and pressure and In a period of 
time of about 6 hours to 12 hours. The resulting 
DS-gel has a sutfhydr/l group content of 15 
mlcromole per gram of dry gel. 
so Another route to a thiol gel Invohres the reac- 
tion of the at^vated gel (Formula 3) with dlthiot- 
hreltol (Formula B) to produce the DTT-gel, (For- 
mula 9) a thiol gel having a suHhydryl group, 
which is separated by a 4 carbon atom chain from 
ss a thloether linlcage to the polymer. The activated 
gel and dithlothreltol are readily reacted by mbc- 
ing in the presence of a base such as sodium 
bicarbonate or a tertiaryamine, such as triethy- 
lamlne or tributylamlne. The reaction Is con- 
eo ducted under ambient conditions of temperature 
and pressure end Is complete in a period of about 
4 to 8 hours. 

The resulting DTT-gel, like the DS-gel, can then 
be used as a covalent chromatographic matrfoc 
» However, bef re proceedirtg with the use thereof. 
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njs Important that any unreacted Innothvlpv- 
nS^i Sroupa be removed from tiie 

05-geJ or 0TT-gel fn order to control the desired 
couTBe of the reaction with the llgand which is the 
^bject oftfie <wv8lem chromatography. Removal 5 
^ unraa^d acth^ng groups rs readTly accom- 
piJshed by using a reactive ligand such as Tris- 
HCU for example, 0^ M Tria-HCI, pH 9, 
etrtanolamine, mercaptoethanol or other suitable 
f^rtiwllgand which wtii not however, react wfth to 
the Kiffhydryl group of the thiol gel. 
♦uJ^!.?'*^.^®' ^ aiafvated fn order to conduct the 
thioWiajffide Enterdiange which Is responsible 
for the binding of the d^fred ligand to the gel 
AOiVBtlon Is most readily achieved by reacting rs 
tije tfuol geJ with 2,2'-pyridyI disulfide <F6nnuia 
iSJ* ■"®^'^®«<^*on proceeds under ambient con- 
drtioiw of temperature and pressure and is com- 
plete in a period of about 1 to 3 hours. 

The activated DS-gel (Formula 11) or the acti- so 
W«d DTT^ai (Formula 12) Is then reacted wfth 
the desired Ifgand, represented In Rgure 4 as an 
enzyme having a free sulftiydryl group (Formufa 
1^) in order to fonn a disulfide linkage between 
tfie gef and the enzyme, in the case of tfie DS-gel, 2S 
the disulfide linkage binds the enryme diro^to 
a carbon atom of the gel (Formula 14), whereas In 
wL"^ ^ DTT^ei, the disulfide linkage 
binds the ereryme to a carbon atom chain linked 

(Formute 15). In both cases, 2^Iopyridone (For- 
mula 16) is displaced from the activated thiol geJ. 
Formulae 14 and 15 Illustrate Immobilized eiw- 
mes. It should be appredated that many other 
Uganda can be slmflarty Immobilized in accord- S5 
a^ vWth the above described process. Reaction 
of ^e ligand with the activated thiol gel is readily 
carried out under ambient conditions of tempara- 

buffered ligand. The reaction Is complete in about 4o 
2 to 6 hours. 

The fnrimoblllzed enzyme wflJ release ths 
er«yme (Formula 13) upon treatment with a 
^^^^^^ (Formula 17) such as cysteine, 

dithtothreitol or mercaptoethanol. Relem of tfie 4s 
enzyme occurs readily at ambient conditions of 
temperature and pressure. 

The Invention will be better understood with 
referwice to the following examples whic* are 
Intended for purposes of Illustration and are not so 
to ^ construed as In any way limfting the scope 
Of me present Invention, which is defined in tiie 
clalma appended hereto. 

Example 1 ^ 
Acti>^tion of crc»B4lnfcBd agarose witii 2-fluoro-l- 
metfiylpvridinium toluene-^-eulfonate (FMP), 

Sepharose CL-4B was washed succes^ely 
wftii » gel volumes of distilled water and mbc- 
tures of acetone and water having voluma-to- eo 
volume ratios of 26:75, 50:50, 72:25 and 100% 
awtone and finally, wfth 10 gel volumes of dry 
aceton . A quantity of 50 g of tiie washed Sephar- 
^Z?^ ^ suspended fn 50 ml of dry acetonltnie 
mbced witii 1 ml of dry trlettiyfamlne and stirred es 
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vigorously at room temperature. A solution of 3 g 
of FMP In 40 ml of dry aoetonftriie and 1^ ml of 
dry trfethylamlne was added to the gel suspen- 
sion In 5 mi portions. After 10 minutes the gel was 
washed with 10 gel volumes of mbctures of 
acetone and 2 mM HQ having a volum»<o- 
volume ratio of 75:25, 60:60, 25:75 and undiluted 
2mlVIHa. 

Example 2 

Coupling of N,e-2,4-Dfnltrophenyl-L-ly8lne to acti- 
vated gel. 

A quantity of 100 mg of N,s-2AOInItrophenyl- 
L-Iyslne was dlssohred In 30 ml of 0^ M NaHCO,. 
To this aoiution was added 6 g of the FMP- 
ootivatad gel prepared according to the metiiod of 
Example 1. The resulting suspension was stined 
at room temperature for 15 hours. The gel was 
then removed from the suspension and washed 
witti 500 ml of 0*2 M NaHCO^ resuspended In 100 
ml of 0.1 M Tris-HCI, pH 8, and stirred at room 
temperature for 2 hours. The gel was then 
washed with 500 ml of 1 M NaCI and 600 ml of 0.1 

O^iIIS^nTq (PBS) 

Example 3 

Coupling to tobramycin to activated gel 

The FMP-activated gel prepared according to 
Example 1 and stored in 2 mM phosphoric add 
solution was removed from the phosphoric add 
and a 20 ml quantity of the FMP-^ctivated gel was 
added to 10 ml of 06 M NaKCO, containing 0.2 
milfimole to tobramycin. 

The gal suspension was gentiy stirred at room 
temperature for 24 hours and then washed wfth 
500 ml phosphate buffered ealine (PBS). The 
washed get was suspended In 0.1 M Trie for 15 
minutes to deactivate any unreacted activated 
hydroxy! groups. Than the gel was washed wfth 
500 mi of PBS, 1000 ml PBS containing 1 M NaQ, 
and finally wfth 500 ml of PBS. 

In order to determine the extent of activation of 
the hydrQxyl groups of the polymeric canfer, the 
density of activated expressed In units of 
micromoles per ml of gel Is measured. Since 1- 
methyl-2-pvridone is released from the activated 
gd upon coupling wfth nudeophlles, ft Is possible 
to quantitatively determine the densfty of activa- 
tion by means of tiie absorbance at nm of the 
solution In whid) the coupling reaction Is con- 
ducted. At this wavelength In 0.2 M Tris-HQ, pH 9, 
1-metiiyl-2-pyrkione hss a molar extinction of 
5900. The densfty of activation can tiwn be dater- 
mlned by suspending 1 ml of activated gel In 2 ml 
of 0.2 M Tris4«, pH 9, and Erring gentiy at room 
temperature for 10 hours. Upon centrffuging the 
resulting gel suspension the absohbanoe of the 
supernatant at 297 nm Is measured and com- 
pared wfth the absorption of solutions of 1- 
methyl-2-pyridone of known conoemrati n. Using 
th activation pro<»duro herein descrilwd, an 
activated gel wfth activation densfty of 40—70 
mfcnwnolee/mi of Sepharose CL-4B was 
obtained. 
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The coupted products prapared according to 
uie prMem fnvsntlon are useful in various 
applications where ft la daalred to have a llgand, 
im^Ki^l biologically active material, 
jmmoWJized by attachment to a polymeric carrier, 5 
for example. In affinity purification, covalent 
chromatography, and reverefbla and Ineverelble 
covalent Immobilization of biomoleculea. The use 
of the coupling producta In affinity chromato- 
graphy Is iJfustrated In the following examples. 10 

Example 4 

Purification of rabbft antl-senim to 2A0Inlt- 
rophenyl bovine serum albfumln using N,e^2,4- 
Dlnitrophenyl-L-lyslne conjugated Sepharose CL- rs 
4B aa the affinity matrix 

A quantity of 2 ml of rabbft antl-DNP serum was 
contrifuged to remove particulatas. The supemat- 
am wsapplied onto a 0.6x20 cm column of N,8. 
2>»HDtnftrophBnyl-L-lysJne oonjugated Sapharose 20 
U--4B prepared according to Example 2. After 
applying the anti-serum, the column was washed 
exteTOively with PBS urttil the absorbance at 280 

TJ* ^1**"^*^ O'^- Then 0.1 M 

g?y dn&.Ha, pH 2.5, <x>ntaining 10% by volume of 2S 
teftahydrofuran was used as the eluant The antf- 
bo*r appwred In the third 5 mi. fraction after 
applying glydne-HCI buffer. The results of this 
axpenment are shown in Hgure 2. 

Example 5 ^ 
Affinity purification of rabbit anti-to-bramycJn 
aerum using tobramycin conjugated Sepharose 
CL-4B 88 the affinity matrix. 

A quantltjr of 1m of rabbit anti-tobramycin ss 
eomm was diluted tenfold with PBS. The diluted 
antiserum was oentrifiiged at 2000 rpm for 30 
minutes to remove solid debris. The entire super- 
natant was applied to a 03x20 cm columir of 
Sapharose CL^ conjugated vwth tobramycin 40 
prepared as described in Example 3. The column 
was washed with PBS until the absort^anca of the 
eluate at 20) nm was less than 0.02. The anti- 
bodies were eluted wf^ 0.1 M glycine-HQ, pH 2.5 
oomainlng 10% tetrahydrofuran in 7 ml. fraxions, 4S 
Tne rroults of this experiment are shown in Rgure 
3* 

As shown in Examples 4 and 5 above, the 
ligand coupled poiynr>«ric carries pr^red 
according to the process of this invention are ao 
useful as affinity absori>ants for purifying various 
materials whi^ are capable of forming affinity 
bonds Witt, the ligand coupled polymer. For 
example, the ligand coupled polymere can be 
ifea for purflfcation of antibodies in which case 
ekrdon of the antibodies absoribed upon the 
affinity matnx can be accomptiahed without caua- 
ng leakage of the ligand from tite matrix. The 
ligand coupled matrix Is also c^aracterfead by 
^bmty during storage. i=or example, the N,e^ eo 
uinitrophanyl-L-lysine coupled Sepharose CL-^ 
stored In phosphate buffered saline at «: 
witii ut losing any ligand by leakage from the 
iigand-coupled matrix. 
As mentioned above, an Important advantage ^ 
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of the coupling method of the present invention Is 
tfiat the coupled substance, that Is, the ligand, is 
covalentiy bonded directly to a carbon atom of 
tiie polymeric canier, which makes splitting off by 
hydrolysis unlikely. Furthenmore, no addftiorial 
charge is Introduced during the coupling reaction 
as IS the case in some of the prior art coupling 
mrthods. Crose-IInking of the carrier material, 
which is a common and undesired side affect of 
coupling Rtethods previously available. Is 
avoided liy means of the coupling method of the 
present Invention. 

Example 6 

Preparation of tiiiol geJ-dimetiiyl dithiocarbamate 
metiiod (DS-gel) 

A 1 g sample of the dry activated gel of Example 
1 was washed wftii 100 ml dry N,N-dlmeti>yifor- 
mamide {DMF) and added to 1 00 ml DMF contain- 
ing 1.8 g sodium dimethyl dithiocarbamate. The 
gel suspension was stirred at room temperature 
for 16 houre, then washed with 100 ml dry DMF 
and resuspended in 50 ml dry DMF. Sodium 
borehydride was added to the suspension in the 
amount of ^ mg. The gel was continuously 
atirred at room temperature for 4 houra. Then 
another 380 mg sodium borohydride was added. 
The suspension was stirred at room temperature 
for 4 more houre and then the gel was washed 
wftfi 200 ml DMF, 1000 ml 2 mM HCI, 500 ml 0.5 N 
Naa and 500 ml 2 mM Ha. The sulfhydryl 
content of the thiol gel was determined by meana 
Of 5,5'^ithlobls (2-nltrobenzoic add) as described 

lUi -t!?'^ fi/bc/ifl/rv Btophya, 

82:70-77 (19S9) and determined to be 9 
mlmmola/g of dry gel. 

Example 7 

Reparation of thiol gei-dithiotfireltor metfiod 
PTT-gei) 

The dry a<^vated gel of Example 1 1n a quantity 
of 1 gram was ackled to a stirred solution of 1 M 
dWiiotiireitol (DTT) In OJZ M NaHCO,. The suspen- 
Bion was stirred at room temperature for 6 houre. 
The gel waa then washed with 500 ml 0^ M 
NaHCO^ 500 ml distilled wator and 1000 ml 2 mM 
HCI. The sulfhydryl content of the gel was found 
to be 6 micromole/g of dry gel. 

Example 8 

Preparation of activated thiol gel. 

The DS-gel of Example 6 or DTT-gel of Example 
7 was washed witfi 60% acetone^% 0.06 M 
r^HCO, 1 mM in ethylenediamlnetatraacetic add 
(EDTA). The washed gel waa then reacted with 0.3 
M 2,2'-dlpyridyI disulfide. 

Example 9 

CcAralant chromatographic purification of urease 
Partially purified Jack-bean ursase In tiie 
amount of 1 g was added to 40 ml 0.1 M Tris-HCl, 
pH 7.4 containing 1 mM EDTA and 5 mM dlttilot- 
nreitol (DTT). The resulting suspension was stir- 
red at 4«C for 1 hour and then cenblfuged to 
remove the partiwlate fraction. A volum of 5 ml 
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of the cloudy supamatant was passed through a 
Sephadax G-50C 1X50 cm column whi* was 
equHIbrated with 0.05 M Tria-HCI, pH 7.4 contain- 
ing 0.5 mM EDTA.7hl8 procedure Insured that any 
dfthlothreltol presoit would be removed In order 5 
to prevent Interference during the subsequent 
covaient ^romatographlc procedure. 

A 5 ml volume of the DTT-free eluats was 
applied to a 0.5x20 cm column of the activated DS- 
80] of Beampfe & The column then washed io 
wmi 0.05 M In^rHQX, pH 7 A, containing 0.6 mM 
EDTA until the absorbance at 2^ nm of the efuate 
was less than 0.1 and vwth 0X5 M Tris-HO, pH lA 
containing 0.05 mM EDTA and 0X5 M Naa until 
the ai>8ort>ance was less than a02. The enzyme ts 
urease was eluted from the column by 0.<^ mM 
Tris-HCI, pH 7.4, containing 0.05 mM EDTA and 20 
mM dhhlothreitol (DTT). Urease ai^ivfty was 
assays by measuring the rate of disappearance of 
NADH ebsorfoance at 340 nm through a glutamic 20 
dehydrogenase coupled reaction. The substrate 
solution used in the reaction contained 0.05 M Tris- 
HCX, pH 7-4; 0.5 mM EDTA; 1 mM ADP; 1 mM 
alpha-kstoglutarate; 50 mM urea and SOU 
g I utamtc dehydrogenase. The assay was initiated zs 
by adding 5—10 microliters of enzyme solution to 
2 ml of substrate solution. The results of the 
immobilteation of the urease upon the column and 
the elution from the column are shown In Figure 5. 

From the solid curve of Rgure 5 It can be seen so 
that most of the UV ebsorbing materials pass 
through the column unretarded. These materials 
were eluted in the first 11 fractiona. Upon applica- 
tion of buffer containing a high concentration of 
Naa. a small amount of additional UV absorbing sff 
matariai was eluted In fractiont 1 5—20. The dotted 
line curve representing the urease activity shows 
that no urease ^tlvity was detected until DTT was 
applied to the column. After i3TT was epplled, 
starting at fraction 24, strong UV absorbing 49 
material was eluted in fractions 29—33, as Is 
shown in the ^rve. The application of DTT 
released not only the enzyme but also 2«iopy- 
ridone, which is also strongly absorbing at 280 nm. 
Thatthe UVat»orbIng materiel constituted mostly 45 
2'^iapyridone (epproxfrnately 80%) was estab- 
lished by dialysis of th^ fractions against 2000 
mi 0.<S mM EDTA in a05 M Tris-HO, pH 7.4, which 
resulted in an average 34-fold reduction in their UV 
atttorbance. Urease activity also Increased at the so 
same time as the increase In UV absorbance. A 
single passage ofthe enzyme solution through the 
activated thiol gel resuHad In an 11-fbId purifica- 
tion with 83% recovery of the total enzyme. The 
purified enzyme was found to have a apecific ss 
activity of 770 units/mg. 

Similar results can be obtained using the acti- 
vated DTT-gal of Example 8. 

The following example illustrates the rBverslbla 
Immobilization of a bloiogicafly active material by 
nwans of covaient linkage through a disulfide 
bridg to the activated thiol gel of the present 
invention. It should be pointed out that Immobili- 
zation of a biologically active material for the 
purp se of providing such material in a form 



which is convenient to u^ requires that the 
disulfide bridge be formed utilizing a suHhydryl 
group which Is not essential to the actMty of the 
tHologically acth^e material. 

Example 10 

Reversible imnH>bIltzation of bete-galactosidase 
£ Coii beta-galactosldase In a quantity of 5 mg 
was dissoh/ed in 10 ml of 0.1 M sodium phosphate 
buffer, 0.15 M in NaCI, pH lA. Wet activated DTT- 
gel prepared according to the procedure of 
Example 8 quantity of 2.5 g was added to the 
eruyme solution. The resulting suspension was 
stirred at room temperature. At timed Intervals, 0.1 
ml of the gel susperision was withdrawn and 
centrifuged at 2500 rpm for 1 minute. The super- 
natent was diluted 50x with pho^hate buffer and 
0.25 ml of the diluted supernatent was assayed for 
beta-galactosldase. In 2 ml o-nftrophenyt-beta-D- 
galactepyranoside solution. After 4 hours Incuba- 
tion at room temperature total Immobilization of 
the beta-galactosidase with full activity was 
realized. At that time 20 mM DTT in 0.05 M 
phosphate, pH 7,7, was mbced with the 
Immobilized enzyme and aampies were with- 
drawn and assayed for beta-galactosldase. As 
shown in Rgure 6, the activity of beta-galactosld- 
ase increased until at 8 hours reaction time a totei 
recxiver/ of enzyme was realized. 

The foregoing description of the Invention has 
been directed to i^rticuiar preferred embodi- 
merits for purposes of explanation and illustration. 
It will be apparent however, to those sidlled in the 
art that many nwdtfications and changes in the 
metiiods and materiate may be made without 
departure from the scope and spirit ofthe inver%- 
tion. l=or example, other hydroxyl contelning 
polymeric carriers and other ligands may be used. 
Particular affinity systenns desoribmJ herein have 
been chosen for conveniwice end are not Intended 
to be limiting. It Is the applicant's Intention In the 
following claims to cover all su^ equivalent 
modifications and variations as foil within the true 
scope and spirit of the invention. 

(Uabns 

1. A process for activating a hydroxyl group of a 
polymeric substan^ rontelnlng at least one 
hydroxyl group oomprlsing; 

reacting a polymeric substance containing at 
least one hydro^ group with 2-fluoro-1-methy- 
Ipyricfinlum foluene-4-suEfonate, and 

recovering a polymeric product wherein at least 
some ofthe hydroxy! groups ofthe polymer heve 
been converted to 1-methyl-2-pyrtdoxy groups. 

2. A process of covalentiy binding: 

CA} en organic llgand that contelns at le^ one 
substituent selected from the group consisting of 
primary amino groups, secondary amino groups 
and sulfhydryl groups; 

directly to e: 

(B) polymeric substence contelning at 1 ast one 
hydroxyl group; comprising the steps of: 
(1 } first forming a reacth^ derivative by reacting 
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(1) ^-^uoro-l-methytpyridlniuin toluene 4^tfo- 

(H) 8 poJymerfc substance containing at least 
one hydroxy] group, wherein at least one reacting 
hydroxyl group is bonded to carixin atoms In the 
polymeric substance and then 

(2) reacting said reartwe derivative dirMty whh 
the organJc ifgand as set forth in (A). 

^tentansprQche 

1. Verfahren zxir Akthnemng einer Hydroxyl- 
gmppe einer polymeren Substanz, die wenlg- 
stens eine Hydroxylgruppe aufwelst umfessend: 

Einwiitentassenvon2-Ruor-1-Methyipyridlnto- 
luol^uifonat auf eine polymere Substanz, die 
wwilgstens eine Hydroxylguppa enthfilt und 

ROckgewlnnen elnes polymeren Produktss, in 
welchem wenfgstens efnige der Hydroxyigruppen 
des Polymers in 1-lWethyl-2-Pryridoxy-Gruppen 
wngewandalt worden sind. 

2. Verfahren zur kovalenten Bindung: 

(A) eines organlschen Uganden, der wenig- 
ctens einen Substrtuenten enthfilt der aus der 
Gruppe ausgewShft worden fst, die primfire Aml- 
nogruppen, sekundare Amlnogmppen und Sulf- 
nydrylgruppen umfaBt; 

direfct mit 

(B) einer polymeren Substanz, die wenigstans 
eine Hydroxylgruppe enthatt; aufwetsend die Stu- 
fen: 

(1) zuerst Umfbrman eines reaktlven Derlvates 
durch Umsstzen 

0) von 2-Ruor-1-MethYfpyridlntoluol^ulfonBt 
fi) mit einer polymeren Substantz, die wenig- 
stens eine Hydroxylgnippe aufyveJst worin 
wenjgstens eine reagierende Hydroxylgruppe an 
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Kohtenstoffatome fn der polymeren Substanz 
getHjnden ist und dann 

(2) Umsetren das roakthren Derfvats direkt mft 
dem organlschen Ugandan wie In der Stufe {A). 

Revendioatlons 

^ 1, Proc^6 d'acth^ation d'un groupe hydroxyie 
d'une 8ut»tance potym&re comportant au molns 
un groupe hydrxixyle qui consiste: 

6 faire rteglr une substance polymdre compor- 
tant au molns un groupe hydroxyte sur du 
tolu&nfr4-fiulfonate de 2^uoro-1-m6thylpyi1dl- 
nium, et 

d recueillir un produit poiymdne, au moins 
certains des groupes hydroxyte du polymSre 
ayant M transform^ en groupe l-mMtyl-2-pvrt- 
doxy. 

2. lYoc^d^ de liaison par covalance de: 

(A) un llgand organlQue qui comporte au molns 
un substituant cholsl parmi ira groupes amine 
prtmaire, amine aecondaire et les groupes sulfhy- 
dryle; 

directemertt d une; 

(B) substance potym&re qui comporte au moins 
un groupe hydroxyle; caractdrise en ce qu'il 
consi^ 

(1) h former d'abord un ddrive reactif par 
reaction de: 

(1) tolu6ne-4'Sulfbnete de 2-fluoro-1-m6thylpyri- 
dlnium sur 

(il) une substance polymdre comportant au 
moina un groupe hydroxyle, au molns un groupe 
hydroxyle reacM 6tant ralli h des atomee de 
oarbone de la 8ubstan<^ polym^ra, puis 

(2) k faire riaglr ce d4r{v4 r^actif directement 
sur Id tigand organlque tel qulndlqufi en (A). 
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